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Rationale. Attentional bias towards smoking-related cues is increased during abstinence and can predict relapse after quitting. Exercise has been found to reduce cigarette cravings and desire to smoke during temporary abstinence and attenuate increased cravings in response to smoking cues. 

Objective. To assess the acute effects of exercise on attentional bias to smoking-related cues during temporary abstinence from smoking.

Method. In a randomized crossover design, on separate days, regular smokers (n = 20) undertook 15 mins of exercise (moderate intensity stationary cycling) or passive seating, following 15- hours of nicotine abstinence. Attentional bias was measured at baseline and post-treatment. % dwell time and direction of initial fixation was assessed during the passive viewing of a series of paired smoking and neutral images using an Eyelink II eye tracking system. Self-reported desire to smoke was recorded at baseline, mid- and post treatment and post eye tracking task. 

Results. There was a significant Condition x Time interaction for desire to smoke, F (1, 18) = 10.67, p = .004, eta2 = .36, with significantly lower desire to smoke at mid and post treatment following the exercise condition. % dwell time and direction of initial fixations towards smoking images were also significantly reduced following the exercise condition compared with the passive control. 






Theories of addiction suggest that substance-related cues (e.g. images of cigarettes) acquire incentive-motivational properties that can lead to a change in the way an individual will process these cues. Robinson and Berridge’s ‘Incentive-Sensitization Theory’ (1) suggests that through classical conditioning, a substance-related cue acquires incentive-motivational properties, and thus, will ‘grab attention,’ become more ‘attractive and wanted’ and guide an individual’s behaviour towards the incentive. 
Evidence for the presence of attentional bias in addictive behaviours has been established for a variety of drugs (and drug cues). For example, during temporarily abstinence from nicotine, and compared with non-smokers, smokers experience increased cravings and exhibit an attentional bias towards smoking-related stimuli when compared with matched neutral stimuli (i.e. 2, 3, 4, 5). 
Studies in nicotine addiction have demonstrated enhanced attentional biases for both drug-related words and pictorial cues (6, 7, 3, 4, 2) in a number of ways. For example, attentional bias has been inferred from an increase in the time taken to identify the ink colour of smoking-related words, using the modified Stroop colour-word interference task (6,7) and as a speeding in the time taken to detect a probe when it replaces a smoking-related cue, using a Serial Probe Task (3). Although such studies have been successful in measuring the attentional biases of smokers they are limited in their depth of analysis. Mogg et al (4) reported that although the modified Stroop task provides an insight into the cognitive processes involved in bias, it does not distinguish between biases arising from either the attention to the relevant stimuli (i.e. smoking image) or between possible biases arising from the intrinsic thoughts that may be generated from the presented cues. While the visual dot probe task provides a more direct measure of visuo-spatial attention, it is believed to provide merely a ‘snapshot view’ of attentional biases.
In contrast, recent studies have assessed biases in attention in terms of eye movement and fixation, using eye tracking measures. Field et al (2) noted that eye movement data are more precisely observable and are ecologically reliable measures of attentional distribution. Such studies have been able to record the initial orienting, the orientation, duration of each eye movement and the maintenance of attention to pairs of presented salient and neutral stimuli. These studies have shown that, smokers show an enhanced gaze duration towards smoking cues (when compared with control cues and non-smokers) (e.g. 5) and during nicotine deprivation (e.g. 2). There is also some evidence that these biases are associated with higher subjective cravings (5). 
Although the consensus is that addicted individuals show an enhanced attentional bias towards motivationally salient stimuli, consistency across multiple measures (i.e. overall dwell time duration and direction of initial gaze) is not always evident. For example, Field et al (2) found that while gaze dwell time measures were significantly effected by nicotine deprivation, two other measures of attentional bias were unaffected (i.e. direction of initial fixation and reaction time to probe task). The exact explanation for this remains unclear although Field and colleagues (2) suggested that different attentional bias measures draw on different underlying attentional processes. For example, the reaction time to the probe task is only able to capture an individual’s focus of attention at a single time point in a trial (4), while the duration of gaze is more likely to reflect the maintenance of attention on the given stimuli. 
Extensions of models of addiction have suggested that attentional bias may be correlated with subjective cravings (8) in so much as when substance related cues become the focus of attention for the individual subjective cravings will also increase. This ‘mutually excitatory relationship’ (9, p.3) has been reported in some studies, (e.g. 4), but not all (e.g. 3). It may be that certain measures of attentional bias may be more sensitive to fluctuations in subjective cravings. For example, Mogg and colleagues (4) found that although measures of dwell time were sensitive to variations in cravings, other measure such as direction of initial fixation and reaction time were not.
There is also a suggestion that higher cravings and greater attentional bias towards smoking cues on the first day of a quit attempt may be associated with relapse (10). Thus, the measurement of attentional bias may capture implicit cognitive processes that are important in (and may reflect) an individual’s motivation towards and the maintenance of drug use.
Recent evidence has shown that a single session of exercise appears to be an effective non-pharmacological method of reducing cigarette cravings and desire to smoke during temporary abstinence from smoking (11, 12). Even short moderate intensity bouts reduce absolute self-reported cravings, attenuate responses to cigarette cues and increase time between ad libitum smoking. Despite the compelling findings, indicating the potential utility of physical activity as a smoking cessation aid, the explanation by which exercise exerts these effects remains unclear. Distraction does not appear to be the primary reason, based on studies that have compared exercise with both passive, and passive plus a distracting task conditions (13, 14). Non the less, self–reported desire to smoke may be prone to subjective bias.
Four studies have shown that a single bout of exercise may extend the period before ad libitum smoking (15, 16, 17, 18), which may reflect a suppression of cravings for and salience of cigarettes. However, ad libitum smoking may be due to a number of factors and there is scope to examine how exercise impacts on cravings and tendency towards smoking stimuli with greater experimental control. 
Studies have examined if exercise impacts on motivational state and related processes in the presence of smoking cues that may be expected to be salient and therefore heighten attentional focus. For example exercise attenuated increases in self-reported strength of desire to smoke in response to holding a lit cigarette (18). Also, a functional Magnetic Resonance Imaging (fMRI) study suggested that after overnight abstinence, smokers who viewed a series of smoking-related images showed increased activation in brain areas associated with visuo-spatial attention (parietal lobe, parahippocampal and fusiform gyrus) and cravings (i.e. orbitofrontal cortex and caudate nucleus). However, following a session of exercise, these same individuals showed no such activations when presented with the same images (19). Further research is clearly needed to examine if exercise alters cue salience as these studies may suggest. 
Given the recent interest in attentional bias, based on eye movement, as an implicit measure of motivation to engage in addictive behaviours, there is scope to explore if a single session of exercise has the ability to shift attentional focus during nicotine abstinence. 

Aims and objectives of the study




20 smokers were recruited through public poster advertisements and individually screened for suitability. Participants were eligible to take part if they were between the ages of 18-50, smoked at least 10 cigarettes a day, had been a regular smoker for 2 or more years, and were not currently making an attempt to quit smoking. Participants were required to be free from injury or illness that would inhibit their ability to safely exercise at a moderate intensity.   

Procedure
The study received institutional ethical approval and all participants gave their informed consent. Participants were asked to abstain from smoking overnight for 15 hours to elevate tobacco cravings (13). Expired carbon monoxide (CO) level was recorded (using a Bedfont Smokerlyzer) upon arrival to confirm abstinence (CO < 10 parts per million). Baseline nicotine dependence (Fagerstrom Test for Nicotine Dependence: FTND) (20) was also assessed. Participants were then randomised to begin with either a passive control treatment or an exercise treatment on their first visit to the lab. Participants were required to return at the same time the following day to undertake the second treatment. Throughout both sessions the interaction between participant and investigator was kept to a minimum with standardized instructions provided. 
Passive treatment. The control condition involved sitting passively in the laboratory without access to reading materials, mobile phone or internet for 15 minutes. Such a brief period of passive sitting has previously been shown to generate stable measures of self-reported cigarette cravings (11). 
Exercise treatment. Following a brief familiarization period participants exercised on a Monarch cycle ergometer, involving a 2 minute warm up, then 15 minutes at a subjective Rating of Perceived Exertion (RPE) (21) of 11-13 (i.e. fairly light–moderately hard subjective level of exercise intensity/effort), followed by a one-minute cool down. A POLAR heart rate monitor (only visible to the investigator), worn throughout the session, allowed relative exercise intensity to be calculated. 

Attentional bias measurement
The eye tracking procedure was carried out at baseline and post treatment. Participants were seated approximately 60 cm in front of a computer screen (15”). Attentional bias was measured via a head mounted Eyelink II eye tracking system (SR-Research, Toronto), with a sampling rate of 500 Hz. Participants were required to passively view a series of matched-paired smoking (e.g. hand holding cigarette) and neutral (e.g. hand holding pen) images presented with a custom written C-software programme using the Eyelink programmers function library. The images were derived from a previous study, and have been found to elicit enhanced attentional biases during nicotine abstinence using a similar design to this study, but with no exercise treatment (2). Twenty filler pairs were randomly interspersed within the 20 smoking/neutral pairs. Images were displayed for 1000 ms and randomised between each trial and each participant. We ensured that smoking images appeared equally on the left and the right of the screen, but in a random sequence. 
The duration of image presentation in the present study falls between those reported in recent studies in this area: Waters and colleagues (10) used a 500 ms presentation, while Mogg and colleagues (4, 5) used 2000 ms. Our timing appears to be of adequate length to measure sustained attention and allow for fluctuations between images, yet be brief enough to avoid disinterest in the images. 
Between each image a black fixation dot appeared at the centre of a white screen. Participants were required to focus on this before the next image appeared to ensure attentional focus was not biased to either side before the image was presented. The eye tracking equipment was calibrated before each trial (i.e. 20 smoking and neutral images and 20 filler pairs) at pre and post treatment and for each participant. During calibration a dot was presented in a random 3 x 3 array; participants were instructed to follow (and focus) on the dot, while their eye position was recorded for each dot placement. 

Subjective measures of cravings
Cravings were assessed using a 7-point scale (1-strongly disagree, 4-neither agree nor disagree, 7-strongly agree) for the statement ‘I have a desire to smoke right now’ (22). This single item has been shown to be sensitive to the effects of exercise in numerous studies (11). Desire to smoke was assessed at baseline, mid- and post-treatments and post eye tracking protocol for both conditions. 

Data analysis
Eye tracking data was analysed using the Eyelink Data Viewer software, which allows identification of periods of static fixation between saccades using a combined eye velocity/displacement criterion. Location and temporal durations of occular fixations were then used as the basis for subsequent analysis. Attentional bias was operationalised as % dwell time on smoking images and the direction of initial fixation. 
Attentional bias was only analysed for critical trials (i.e. those in which smoking and neutral images were displayed). Following procedures used in a previous study (2) eye tracking data was analysed if participants were fixated at the central cross before image onset, they fixated on one of the pictures rather than the central position and eye movements occurred at least 100ms after picture onset and 100ms before picture offset. 

‘% dwell time on smoking images’ was operationalised as the overall amount of time spent viewing the smoking compared with the neutral image.

‘Direction of initial fixation’ towards smoking images was calculated as in a previous study (2). A direction bias score was calculated for each participant by calculating the number of trials when gaze was initially directed towards smoking-related images as a percentage of overall critical trials. Scores greater than 50% reflect a bias towards initial orientation of smoking images (compared with neutral images).

Attentional bias measures and subjective cravings were analysed using SPSS version 14. To assess the effects of exercise compared with a passive control condition a two-way fully repeated ANOVA was conducted. Treatment order was entered into the ANOVA as a between subject factor to determine if order influenced any main or interaction effects. The main effects of condition and time, and the interaction (condition X time) for each dependent variable were examined, using a Greenhouse-Geisser correction where appropriate. All responses are presented as means (SD). 

Results
The participants (n=15 males, n= 5 females, mean (SD) age 29.05 (9.37)) had an FTND score of 4.0 (2.5), smoked 15.6 (5.7) cigarettes per day, and had smoked for 15.1 (11.7) years. Participants exercised at a mean (SD) heart rate of 132.5 (14.1) beats per minute and rated their subjective exercise intensity (RPE) at 12.7 (.50), equivalent to 49.5 % Heart Rate Reserve (HRR). Baseline desire to smoke was 5.4 (1.35) and 5.1 (1.75) prior to the control and exercise treatments, respectively. A paired t-test revealed no significant difference between the scores. 

Subjective measures of cravings 
A 4 (time) X 2 (condition) fully repeated ANOVA revealed a significant quadratic Time X Condition interaction effect for desire to smoke F (1, 18) = 10.67, p = .004, eta2 = .36, a main effect of Condition F (1, 18) = 10.96, p = .004, eta2  = .366 and a quadratic effect of Time F (3, 54) = 20.85, p = .00, eta2  = .523). Session order did not interact with Condition (F = .245, p = .627), Time (F = .100, p = .960) or Condition X Time (F = .720, p = .544).
There was a significant difference in mean (SD) desire to smoke in the control and exercise conditions respectively at mid-treatment (t = 3.91, p = .001) (4.9 (1.58) and 3.0 (2.05)) and post-treatment (t = 3.71, p = .001) (5.05 (1.50) and 3.15 (2.20)) as shown in Figure 1. 

 % Dwell time on smoking images
A 2 (Time) X 2 (Condition) fully repeated ANOVA revealed a significant interaction effect for % dwell time, F (1, 11) = 7.84, p = .017, eta2 = .416, and no main effect of Condition and Time. Session order did not interact with Condition (F = .524, p = .484), Time (F = .005, p = .946) or Condition X Time (F = .381, p = .550).

Means (SD) were 48.09 (11.96) and 49.59 (10.48) at baseline, and 53.51 (12.34) and 44.22 (8.47) at post treatment for the control and exercise condition, respectively, as shown in Figure 2. Post hoc analyses revealed significant differences between baseline control and post control (t = -4.65, p = .000), baseline exercise and post exercise (t = - 2.33, p = .034) and post control and post exercise (t = 2.28, p = .040).

Direction of initial fixation to smoking images
A 2 (Time) X 2 (Condition) fully repeated ANOVA revealed a significant interaction effect for % of initial fixations to smoking images F (1, 18) = 9.34, p = .007, eta2 = .343, and a main effect of Condition F (1, 18) = 5.30, p = .033, eta2 = .228, but not Time F (1, 18) = 2.50, p = .131. Session order did not interact with Condition (F = .122, p = .731), Time (F = 2.50, p = .131) or Condition X Time (F = .536, p = .474).
In the control condition, smokers directed their gaze towards smoking images on 51.25% (9.8) and 54.75% (10.57) of trials at baseline and post treatment respectively. In the exercise condition, smokers directed their gaze towards smoking images on 53.50% (11.01) and 43.0 % (11.63) of trials at baseline and post treatment respectively (see figure 3). There was no significant difference between baseline and post treatment scores in the control condition (t = -1.24, p = .228), but a significant difference between baseline and post treatment scores in the exercise condition (t = 2.65, p = .016) and a significant difference between post treatment scores in the control and exercise condition (t = 3.49, p = .002)

Using similar procedures described previously (2), to analyse whether smokers preferably directed their gaze towards smoking related images, participant’s bias score was compared with 50%. There was a trend towards more initial fixation directed at smoking images at the post treatment control condition (t = 2.01, p = .059), and there were significantly fewer fixations directed towards smoking images following the exercise treatment (t = -2.14, p = .046), compared with 50%.

Correlation between cravings and attentional bias measures
We initially calculated an average score for desire to smoke for each treatment from the mid and post treatment scores. We then examined the correlation between this value and attentional bias measures following each treatment. 
There was no significant correlation between percentage dwell time and mean desire to smoke in the control (r = .198, p = .447) and exercise (r = .187, p = .488) treatment. Direction of initial fixations was significantly correlated with mean desire to smoke in the control condition (r = -.541, p = .014) but not in the exercise condition (r = -.210, p = .374).  

Angle of visual Field  
An assumption of using eye tracking measures is that they provide a direct measure of visual attention (i.e. where the eye is attending is where the individual is focused). Human vision is strongly focussed in the central visual field with visual acuity falling by 50% within 1 degree eccentricity from the fovea (23). Visual images used in this study subtended 5.47 degrees of visual angle, making it unlikely that participants were relying on covert attention to process details in the image.

Discussion
The present study confirms previous evidence that an acute session of exercise reduces subjective ratings of desire to smoke during temporary abstinence. This is the first study to report a shift in attentional bias with respect to smoking cues following exercise. Exercise caused a significant decline in both the overall amount of time spent gazing on smoking images (% dwell time) and the direction of initial fixation towards smoking images, when compared to neutral images.
A significant decrease of 5.97%, from pre-post exercise and a significant increase of 5.04% from pre-post control in % dwell time on smoking images meant a net reduction of 11% in % dwell time after treatment. This is of theoretical importance given that this measure of attentional bias is believed to reflect attentional processes that may be related to incentive mechanisms that underlie addiction (i.e. the bias to hold attention towards salient cues)(24). 
In terms of direction of initial fixation, exercise appeared to reduce the tendency for smoking cues to ‘grab’ the attention of smokers. This suggests that exercise may have effects on implicit motivational processes, which are different from processes that govern maintained interest in cues, although further research is needed to confirm these findings. 
We also examined if measures of attentional bias were associated with self-reported desire to smoke. % dwell time was not significantly correlated with subjective cravings following either treatment. Surprisingly, and in contrast with previous studies (e.g. 2), we found that there was a significant negative correlation between direction of initial fixations on smoking-related images and subjective desire to smoke following the control treatment. The significance of this remains unclear. It may be partly explained by the premise that the incentive motivational properties acquired by substance related cues (according to Robinson and Berridges’ Incentive Sensitisation Theory) can drive an individuals behaviour towards drug seeking even in the absence of conscious awareness, and thus it may be that cravings and attentional bias can be ‘decoupled’ in some circumstances (25). Alternatively, it may be that repeatedly exposing the individual to smoking cues in the absence of the actual drug may cause some extinction process (10). Waters et al (10) found that there was a significant positive correlation between smokers who came into the study with the highest level of cravings and their level of attentional bias. However, as cravings declined during the course of the study, they found that this relationship did not persist. Further studies are required to investigate this relationship following exercise and control conditions to explain these complex findings.
There is also empirical evidence to suggest that attentional biases may operate independently of subjective cravings (4), and therefore may not be the ‘paramount factor for mediating attentional biases’ (p.834). Thus, there may be a danger that during a quit attempt, an individual may not ‘feel’ like a cigarette, but they still may be ‘grabbed’ by the sight of smoking related cues. We have shown that by engaging in a single session of exercise an individual may be less likely to find their attention ‘grabbed’ by a smoking-related stimulus.
Analysis of eye movement data may provide an insight into the nature of an individual’s cognitive processing and allocation of attentional resources (26). This study suggests that exercise can have a significant effect on attentional biases, assessed via eye movement data. As such exercise may aid a quitter not only in their overt thoughts/motivations towards smoking (by reducing their subjective cravings) but by also reducing covert processes implicated in the motivation to smoke, in response to salient cues. 
The present study has raised a number of issues that could be addressed in future research. Firstly, this study only used two measures of attentional bias to assess the effects following exercise. Future studies may wish to use alternative measures of attentional bias. Secondly, the study was carried out in the confines of the laboratory. Although the images chosen to elicit the biases have been successfully used in previous studies (e.g. 2 ), future studies may find it useful to index biases in attention to smoking objects in a more ‘real-world’ setting, for example, in settings where individuals would experience heightened cravings or that may be associated with having a cigarette. Thirdly, the observed effects may have been even stronger among heavier smokers, or those with higher initial cravings, who demonstrated even greater attentional bias towards the smoking stimuli. Finally, further research could also examine the effects of different doses (intensity and duration) of exercise. A 5 minute bout of seated isometric exercise can reduce cravings (27) and could have similar effects on attentional bias to those revealed in the present study. It has also been suggested (19) that higher intensity exercise could switch the brain into a ‘default mode’ and further research could compare the effects of different intensities of exercise on attentional bias. A recent functional imaging study (19) suggested that even moderate intensity exercise may have the ability to shift brain activation away from areas of the brain involved with cigarette cravings (motivation, reward and visuospatial attention) so that an individual becomes less ‘occupied’ by smoking stimuli (19).




Figure 1: The effects of exercise and passive control conditions on mean (SD) self-reported desire to smoke 

Figure 2:  Mean (SD) percentage of % dwell time and % of fixations on smoking images, before and after exercise or passive control conditions
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